Abstract. Highly efficient protocol is developed for indirect somatic embryogenesis from transgenic immature leaf of safflower Carthamus tinctorius (Mohler, Roth, Schmidt & Boudreaux, 1967) (Asterales: Asteraceae) explants in solid culture. Here two different half strength mediums like MSG and EMM both were tested in addition to inorganic and organic nitrogen sources and also combination of the reference medium. Inorganic nitrogen source shows about 39.5 number of embryos with 37% embryo germination and organic Nitrogen source like L-glutamine (20 μM) on reference medium influenced 80.5 number of somatic embryos with 44.9% germination. However, maximum of 92.0 number of embryo induction with 52.5% germination was noticed on CH (casein hydrolysate) (1.5 mg/L) containing medium. Combination of inorganic and organic nitrogen sources like NH 4 NO 3 (40 μM) in combinations with reduced form of organic nitrogen casein hydrolysate (CH) (1.5 mg/L) was found to be most suitable for induction of somatic embryos with a maximum of 117 number of somatic embryos with 60.9% germination in immature leaf explants. About 57% plant conversion rate showed in NARI-6 cultivar after 2 weeks of culture. However it showed maximum plant conversion rate about 68% with basal medium along with 1.5% sucrose supplemented with GA 3 (1.5 μM) and spermidine (1.0 μM). Germinated embryos with shoot and root poles were isolated and subcultured on suitable root induction medium containing NAA (2.5 μM) + AgNO 3 (1.5 μM) showed maximum rooting frequency of about 69.6%.
Introduction
Safflower Carthamus tinctorius (Mohler, Roth, Schmidt & Boudreaux, 1967) (Asterales: Asteraceae) is cultivated mainly for its seed, which is used as edible oil and as birdseed. This crop was also grown for its flowers, used for colouring and flavouring foods and making dyes. It is a rich source of oil (35%-40%) and linoleic acid content (75%-86%) it demands a premium price among edible oils and is competitive from a health point of view with olive and canola oil (Dajue and Mündel, 1996) . Further improvement, particularly using Agrobacterium-mediated transformation method has most widely been used for various plant species due to its easy feasibility without any special equipment was reported by (Sri Shilpa et al., 2010) . Importance of co-cultivation and pH of medium are successful for Agrobacterium-mediated transformation of Lilium x formolongi (Tanaka et al., 2000) . There, in the absence of resistant cultivars, they can cause tremendous crop losses. Regeneration of plant is correlated with the ability of embryogenic callus formation. However, somatic embryos from embryogenic callus may not produce plant regeneration. In this respect, plant regeneration via somatic embryogenesis is preferred because it provides high rate of multiplication and often results in true-totype plants for transformation.
This process occurs through the same key stages of embryo development as zygotic embryogenesis (i.e. globular, heart and torpedo stages) (Sharma et al., 2004) . There have been several reports that somatic embryogenesis is a multi-step regeneration process starting with formation of proembryogenic masses, followed by somatic embryo formation, maturation, desiccation and plant regeneration (Von Arnold et al., 2002) . Two different pathways of somatic embryogenesis generally occur namely, directly without forming the callus phase (Chen et al., 2004; Zhang et al., 2005) and indirectly following callus formation from explants (Griga, 2002; Kim et al., 2003; Conde et al., 2004 ) . Callus formation from direct embryogenesis, without the callus phase, is likely to be more suitable for mass propagation because genetic rearrangement is limited compared with the embryogenesis via calli, which often showed aberrant chromosome numbers during culture (Tanaka et al., 2000) . In indirect somatic embryogenesis, embryogenic callus provide a large population of embryogenic competent cells that are extremely amenable for transformation by Agrobacterium. Each transformed cell represents an independent transgenic line, thus tremendously increasing the number of transformation events in a regenerable tissue and improving transformation frequencies were reported by (Leelavathi et al., 2004) . The different medium strength along with nitrogen sources plays an important role for somatic embryogenesis in many plant species. Various effects of polyamines on somatic embryogenesis via mature embryo in wheat (Aydin et al., 2016) .
The effects of different growth regulators on somatic embryogenesis from leaves of safflower have not been compared and studied. Furthermore, awareness of the cellular origin of somatic embryos is essential to determine the utility of the regeneration system for transformation. There have been no reports on histological origin of somatic embryos in safflower. It has been reported that various factors affecting on somatic embryogenesis of safflower C. tinctorius at morphological and biochemical levels were reported by (Pradeep Kumar and Ranjitha Kumari, 2011) . The major role of nitrogen was included in the form of the basal inorganic and organic forms, comprising the three ionic forms (nitrate, ammonium and amine) available for uptake by the plant cells and tissues.
Hence, the aim of the present investigation was designed to establish a well developed protocol for somatic embryogenesis of safflower into fully acclimatized field plants from transgenic immature leaf explants.
Material and methods

Plant materials
In the present study seeds of safflower cultivar NARI-6 were used. Seeds were disinfected by 1.0% Teepol, 0.6% sodium hypochlorite solution treatment for 30 s, and sterilized with tap water for 20 min to remove detergent. Further processes were carried out in laminar air flow chamber by treating with 70% ethanol (v/v) for 1 min and followed by repeated washing with sterile distilled water, followed by 0.1% HgCl 2 for 2 min and rinsed thrice with sterile distilled water for 2 min. The surface sterilized seeds were inoculated on (Murashige and Skoog, 1962) . The cultures were incubated in darkness for 24 h at 25 ± 2 °C under white fluorescent light (15 μmol m -² s -¹) of 16/8 h photoperiod.
Development of indirect somatic embryogenesis and effect of media strength and nitrogen sources
Embryogenic callus induction and somatic embryogenesis was carried out with transgenic immature leaf explants. The transgenic immature leaf explants were excised into 0.5-1.0 cm segments and were subcultured on MS basal with 3.0% sucrose, L-glutamine (200 mg/L), myo-inositol (150 mg/L), thiamine HCl (150 mg/L) and pyridoxine HCl (75 mg/L) and medium also supplemented with TDZ (1.0-5.0 μM) with combination of NAA, 2, 4-D, IBA ranging from (1.0-7.0 μM). We used 30 explants and repeated thrice the experiment with the same culture conditions unless otherwise specified. In second experiment, half strength EMM medium supplemented with different ranges (10, 20, 40 and 60 μM) of individual inorganic nitrogen sources like KNO 3 , and NH 4 NO 3 were tested. In third experiment, individual organic nitrogen sources L-glutamine, ranges of 10, 20, 40 and 60 μM and casein hydrolysate (CH) ranges from 0.5, 1.0, 1.5 and 2.0 mg/L were tested. In forth experiment, EMM reference medium consisting of NH 4 NO 3 (10, 20, 40 and 60 μM) in combinations with CH (0.5, 1.0, 1.5 and 2.0 mg/L) or L-glutamine (0.5, 1.0, 1.5 and 2.0 μM) were tested. All the cultures were maintained in the same medium at 25 ± 2 °C under white fluorescent light (15 μmol m -² s -¹) for the photoperiod of 10-12 h per day, and were subcultured every two weeks. All developmental stages of embryos were matured and germinated to cotyledon stage in the same medium. There were 40 replicates of explants per treatment, and the experiment was repeated thrice. Total number of somatic embryogenesis with per cent embryo germination was recorded every week end from the date of embryo formation. 
Callus initiation
Embryogenic calli isolation and proliferation
Isolation and subculture of pro-embryogenic callus from non-embryogenic callus clumps were done after three weeks. In each subculture, 5-7 pro-embryogenic cell clumps were cultured (approximately 0.5 cm³ each clumps) per 250 mL conical flask containing 50 mL fresh MS solid medium containing same PGRs composition and maintained under the same cultural conditions for the induction and proliferation of embryogenic callus. The embryogenic callus appeared with different color and shape after second subculture, and after 65 days of culture percentage of embryogenic callus was recorded.
Effect of MSG and EMM medium on somatic embryogenesis in solid culture
The transgenic immature leaf derived from embryogenic callus were isolated and subcultured approximately 50 mg in half-strength EMM and MSG (Becwar et al., 1988) basal medium containing 0.8% agar (w/v) with 1.5% sucrose (w/v) for the maturation and induction of a high frequency of somatic embryos. After 2 weeks of culture the early appearance of globular, heart, torpedo and early cotyledonary stage embryos developed on the surface of the callus. There were maintained in the same medium at 25 ± 2 °C for 16 h photoperiod to enhance the production of primary somatic embryos, and were subcultured at every week ends. The cotyledonary stage embryos were developed directly from the torpedo stage embryos, and were maintained on same cultural conditions medium for 30 days and total number of primary somatic embryos response were recorded. Primary somatic embryos were spread on solid medium in a sterile petridish inside the laminar flow hood and the different stages of (globular, heart, torpedo and cotyledon) embryos were separated out under microscope. Approximately 30 embryos were cultured on different culture bottles and tubes containing different medium strength. There were 15 culture bottles at the onset of the experiment and were subcultured once a week. All the stages of embryos of common lineage could be converted into PEM and cultures were incubated at (25 ± 2 °C) in the same medium for further proliferation. The embryo culture was routinely subcultured and repeated thrice in the same medium and after 90 days of culture the percentage of total number of embryos was recorded.
Germination and subsequent plant regeneration
All the stages of embryos were isolated from embryonic clumps, were cultured in 250 mL flasks containing 50 mL of fresh semi solid half strength EMM basal, 1.5% sucrose media fortified with spermidine (0.2-2.0 μM) and GA 3 (0.5-2.5 μM) for embryo maturation and germination. The experiments were done with 6 flasks and repeated thrice. After seven weeks the germination frequency was recorded. The culture was grown under white fluorescent tube (15 μmol m -² s -¹) for the photoperiod of 16 h/day and plant conversion rate was recorded after 10 days of culture. Matured germinated cotyledon stage embryos with root poles and non-root poles were placed on culture tubes each containing 15 mL half strength EMM basal salts, comprising of NAA (1.0-4.5 μM) and AgNO 3 (0.5-2.5 μM) for efficient rooting for 1 month. After that rooting results were recorded and experiment was repeated thrice. The adventitious roots from plantlets were carefully washed with tap water to remove agar gel, and then transferred to plastic pots with the mixture of sand, garden soil and vermiculite (1:2:1 v/v). Plants were reared in Plant Growth Chamber at (25 ± 2º C, 16 h photoperiod under 30 μmol m -² s -¹) illumination for 10 days. After 2 weeks the acclimated plants were transplanted and set under green house conditions.
Statistical analysis
A completely Randomized Block Design (CRBD) was used in all the experiments and repeated thrice. Numbers of somatic embryos from transgenic immature leaf explants were tabulated. The pertaining to frequencies of embryogenic callus induction, somatic embryo formation, embryo germinations were subjected to analysis of variance test and mean separation was carried out using Duncan's Multiple Range Test (DMRT) at P ≤ 0.05 levels.
Results
Efficacy of nitrogen source on indirect somatic embryogenesis
Inorganic nitrogen. Those marked with the common letters within a column are not significantly different at P ≤ 0.05, according to Duncan's Multiple Range Test (DMRT).
Organic nitrogen.
Half strength reference medium along with organic nitrogen sources produced greater number of somatic embryos in immature leaf explant culture. In these case, L-glutamine (20 μM) on reference medium influenced 80.5 number of somatic embryos with 44.9% germination in immature leaf explants. However, maximum of 92.0 number of embryo induction with 52.5% germination was noticed in immature leaf explants placed on CH (casein hydrolysate) (1.5 mg/L) containing medium (Table 1) .
Inorganic and organic nitrogen.
The combined action of inorganic and organic nitrogen sources influenced comparatively more number of somatic embryos from NARI-6 derived immature leaf explant. In case of reduced and 
Initiation and proliferation embryogenic calli
The transgenic immature leaf explants induced primary callus after 18 days of culture in MS basal medium with 3.0% sucrose. Various concentrations of PGRs were tested for differences in obtaining calli as shown in (Table 2). In the early stage of embryogenesis experiment the color of the callus in the liquid media was greenish-brown, and then callus texture changed from soft to hard. After the subculture to the second medium, a yellowish, soft, friable callus began forming on the older brownish callus, from which somatic embryos later began differentiating (Figure 1a, b, c) . TDZ alone produced white-creamy embryogenic callus in immature leaf explants. In half strength MS medium supplemented with TDZ (4.0 μM) and NAA (5.0 μM) induced 44.0% embryogenic callusing response was observed in immature leaf explants. Immature leaf explants cultured on TDZ (3.0 μM) plus 2, 4-D (3.5 μM) supplemented produced 78.2% embryogenic callus induction (Table 2; Figure 1d ). However, TDZ (4.0 μM) plus IBA (5.0 μM) combinations tested medium produced significantly higher with 95% of embryogenic callus in immature leaf explants after 70 days. 
Effect of MSG and EMM medium on somatic embryogenesis in solid culture
Isolation of 50 mg of white and yellow creamy PEC were subcultured in PGRs-free half-strength EMM and MSG basal media in which it is proliferated and changed their morphological nature to form numerous embryos (globular, heart, torpedo and cotyledon) within 2-3 weeks of culture in all the two media tested (Figure 1e) . In NARI-6 cultivar, about 7.6 numbers of somatic embryos with 11% embryo germination response was observed from immature leaf calli (ILDEC) on half strength MSG solid medium after 30 days of culture. In this case, maximum of 13.7 numbers of embryos germination with 19.1% embryogenic response was greatest per immature leaf derived calli in half strength EMM medium (Table 2 ). a-Embryogenic callus initiation from immature leaf explants; b-c-Embryo maturation and germination; d-Embryogenic callus induction from Immature leaf explants; e-Early globular, globular, heart and torpedo stage embryos; f-Shoot initiation from embryos; g-Shoot proliferation and root initiation; hRooting and shooting development.
Development and maturation of embryos
Different stages of embryos turned to green immature cotyledon stages in semisolid medium and then cultured into germination medium under darkness from which mature cotyledon embryos produced distinct epicotyls with shoot pole and hypocotyls with root poles (Figure 1e, f) . In the present system, about 50% embryo germination was observed on MSG basal salts, 1.5% sucrose medium supplemented with GA 3 (1.5 μM) at the end of 6th week of culture. About 57% plant conversion rate showed in NARI-6 cultivar after 2 weeks of culture. However it showed maximum plant conversion rate about 68% with basal medium along with 1.5% sucrose supplemented with GA 3 (1.5 μM) and Spermidine (1.0 μM) ( Table. 3). 
Transfer to greenhouse conditions
Matured and well-germinated cotyledon stage embryos with root poles and non-root poles were placed on culture tubes each containing 15 mL half strength EMM basal salts comprising of NAA (1.0-4.5 μM) and AgNO 3 (0.5-2.5 μM) for efficient rooting. After 1 month, the rooting results were recorded. NAA (3.0 μM) alone in half strength EMM basal medium showed 48.8% of rooting frequency, whereas NAA (2.5 μM) + AgNO 3 (1.5 μM) showed maximum rooting frequency of about 69.6% (Table 4 ) (Figure 1h ). Converted plantlets from somatic embryos were hardened and transplanted into soil under green house conditions.
Discussion
Somatic embryogenesis can be influenced by variety of physiological and developmental stage of the donor plants from which the initial explants are directly or indirectly formed. Direct somatic embryogenesis in safflower is earlier reported dependent on genotype, explant age, carbon source, ethylene (Mandal et al., 2001; Mandal et al., 2002) and cytokinin and auxins. Similar results were reported for somatic embryos that are formed by embryogenic cells, which arise from somatic cells of an explant, callus or suspension cells (Gaj, 2004) . The concentration of auxin can affect somatic embryo development and morphology (Mandal et al., 2003) found that high frequency of safflower somatic embryos with optimum NAA, whereas IAA promoted the maximum number of somatic embryos per culture. However, previous reports say that auxins were found to be inhibitory for somatic embryogenesis in Oncidium (Chen and Chang, 2004 (Tanaka et al., 2000) . However, several reports have shown that involvement of polyamines, particularly in their free forms, in somatic embryogenesis has increased tremendously and has provided clues to improve plant developmental processes, including somatic embryogenesis, in a variety of economically important crops. Changes in high concentrations of polyamines were commonly observed in tissues undergoing somatic embryogenesis (Santanen and Simola, 1992; Yadav and Rajam, 1997; Minocha et al., 1999; Kevers et al., 2000) . Related studies with wild carrot have shown that spermidine alone can restore embryogenesis in cultures treated with polyamine biosynthesis inhibitors, indicating a direct role of spermidine in somatic embryogenesis (Feirer et al., 1985; El Hadrami and D'Auzac, 1992) . Spermidine plays important role in somatic embryogenesis has also been reported by (Tiburcio et al., 1985; Bonneau et al., 1995; Minocha et al., 1999; Cvikrova et al., 1999) . Among the various results they observed a significant increase in spermidine levels associated with the formation of somatic embryos in tobacco, Picea abies, Euonymus europeaus L., Pinus radiate and alfalfa explants. Previous report says that spermidine was also the most abundant polyamine in conditions that allow cell cultures of Papaver somniferum to form embryo-like structures (Nabha et al., 1999) . The cytokinins and auxin concentration applied on explants depends on the expression of the embryogenic and non-embryogenic callus.
Although, several reports concluded that the induction phase is independent of nitrogenous compounds while the somatic embryo developmental phase requires reduced nitrogen (Kamada and Harada, 1979) . The embryogenic induction and differentiation is requirement of NH 4 + was noticed by several other authors in different species and culturing systems (Walker and Sato, 1981; Meijer and Brown, 1987; He et al., 1989) . Germinated, somatic embryos sprouted cotyledons with shoot poles and hypocotyls with root poles synchronously on semi solid medium containing GA 3 . When the germinated embryos were transferred to suitable rooting medium, the shoots with root poles or non-root poles produced frequency of adventitious roots. In earlier study, germinated embryos converted into complete plants were upon subculture to MS medium with NAA (Murashige and Skoog, 1962) . However, in our study, NAA and AgNO 3 had a positive effect on the frequency of shoot elongation with efficient rooting and on the survival of seedlings. In conclusion thus, as described above, this experiment standardized a simple and reliable protocol for somatic embryogenesis from transgenic immature leaf explants of safflower C. tinctorius L. cultivar NARI-6.
